BACKGROUND Idiopathic ventricular arrhythmias (VAs) originating from the pulmonary sinus cusp (PSC) have not
T he right ventricular outflow tract (RVOT) and left ventricular outflow tract are the most common sites of origin for idiopathic ventricular tachycardia (VT) or premature ventricular contractions (PVCs) absent overt structural heart disease (1-6). Less commonly, idiopathic ventricular arrhythmias (VAs) can originate from the pulmonary artery (PA) (7) (8) (9) (10) . Histopathological studies have shown that ventricular myocardium may extend into the aorta and PA beyond the semilunar valves (11) (12) (13) . Thus, by extending into the great vessels with abnormal automaticity or triggered activity, the ventricular myocardium may be the underlying mechanism of these VAs (8) . VAs originating from the aortic root may be ablated within the aortic sinus cusp (ASC) or from the right/left coronary cusp commissure (2, 14, 15) . However, most PA-VAs are located >10 mm above the pulmonary valve (PV) and could be successfully ablated in the PA (9, 10) . Given that little is known about the characteristics of VAs originating from the pulmonary sinus cusp (PSC) (9, 16) , the goal of the present study was to evaluate the prevalence, electrocardiographic characteristics, mapping, and ablation of idiopathic VAs arising from the PSC. In addition, no patients had any overt structural heart disease on echocardiography. The study was approved by the institutional review board of Guangdong General Hospital.
METHODS

ECG AND ELECTROPHYSIOLOGICAL ANALYSES.
Detailed analysis of clinical PVC/VAs was performed offline by using an electrophysiological data acquisition system with a recording speed of 50 to 100 mm/s or 12-lead ECG with a recording speed of 25 to 50 mm/s.
During clinical VAs, QRS morphology on leads I, II, III, aVR, and aVL was assessed, as well as: 1) R-wave amplitude in leads I, II, III, aVF, V 1 , and V 2 and the III/II R ratio; 2) duration of R-wave complex in leads II, III, and aVF; 3) Q-wave amplitude in leads aVR and aVL and the QS aVR/aVL ratio; and 4) the precordial R/S transitional zone. In addition, the precordial R-wave transitional zone was analyzed during sinus rhythm MAPPING AND RFCA. In patients with frequent PVCs or short-run VT, 3-dimensional electroanatomical mapping was used, as reported previously (18) . In brief, mapping was performed using a steerable 7.5-F, D-curve catheter with a 3.5-mm irrigated-tip electrode (NaviStar ThermoCool, Biosense Webster, Diamond Bar, California). If necessary, the mapping catheter was advanced via an SR0 long sheath introduced through the right femoral vein to the right ventricle. Point-by-point mapping was performed to create anatomic maps, and activation mapping was used to identify the origin during PVCs or VT in the study. Pace mapping was also performed, with the lowest pacing output (2 to 20 mA) and pulse width (0.5 to 10 ms), to capture the ventricular myocardium at the site of earliest activation. A suitable target for ablation was selected based on the earliest activation times during the arrhythmia.
In the initial 7 patients, mapping began in the RVOT. If suitable ablation sites were not found, the PA and left ventricular outflow tract were mapped. In the subsequent 17 patients, 3-dimensional mapping was initially performed in the RVOT and subsequently in the PA before ablation. Right ventriculography and/or pulmonary arteriography were also performed to locate the position of the PV ( Figure 1) and to mark the pulmonary annulus on 3-dimensional mapping (Figures 2, 3 , and 4). Detailed mapping in the PSC was achieved by using a reversed U curve of the ablation catheter, which can facilitate the stability of a mapping catheter within the PSC. Importantly, an with simultaneous activation in bipolar and unipolar activation and QS morphology in unipolar recording. Twelve-lead QRS morphology during (C1) spontaneous PVCs, pacing at the sites of earliest activation at the (C2) RVOT free wall, and at the (C3) RC. Note that that QRS morphology was only perfectly matched when pacing at the RC, although QRS morphology during pacing at the RVOT free wall was very similar to that during clinical PVC. RV ¼ right ventricle; other abbreviations as in Figure 1 .
evidence of subtle changes in QRS morphology before ablation in these 3 patients ( Figure 6 ). Table 2 . There were no significant Paced-QRS morphology at the site of earliest activation does not match that of spontaneous QRS in I, V 1 , and V 2 . Abbreviations as in Figures 1 and 2 . There were no differences between local ventricular activation time relative to the QRS onset, No procedure-related complications occurred in any of the 24 patients, and no PV damage was found according to echocardiographic results. All patients were free of arrhythmias, without antiarrhythmic drugs, during a follow-up period of 9 AE 3 months.
Post-ablation VA burden on 24-h Holter ECG is shown in Table 1 .
DISCUSSION
The pulmonary root is the distal part of the RVOT that supports the 3 semilunar leaflets of the PV. There are 3 distinct junctions or rings that can be appreci- The RV musculature could extend at the base of the pulmonary root and, in a sleeve-like manner, more distally into the PA between the cusps and into the valve tissue itself. Hasdemir et al. (12) reported that in 17% of autopsied hearts, myocardium extending beyond the ventriculoarterial junction was present.
Another autopsy study showed that the prevalence of such myocardium extensions was even higher, up to 74% (13) . Nevertheless, these results were obtained In addition, small sample sizes could account for the low prevalence of PSC-VAs in previous reports.
Conversely, the high incidence of PSA-VAs in our study may be an overestimation in real practice because most of these subjects were admitted to our center for complex arrhythmia ablation or for previously failed ablation elsewhere. Furthermore, the VAs were not induced by programmed stimulation in any patient, strongly suggesting a mechanism most likely due to automaticity from the myocardium with the PSC.
MAPPING AND RFCA WITHIN PSC. It has been reported that VAs can be successfully ablated in the PA (8) (9) (10) 19) . Similar to interruption conduction in an atrioventricular accessory pathway, PA-VAs could theoretically be successfully abolished by targeting the origin in the PA, the preferential conduction pathway, or the insertion into the RVOT. However, the proximal portion of the myocardial extension and Liao et al. Catheter ablation within the PSC carries the potential risk of PA stenosis and damage to the left main coronary artery (21, 22) . However, these complications were not reported in previous studies or in our study.
This outcome may be due mostly to the larger vessel and more connective tissue compared with the pulmonary veins (11) . In addition, better contact with effective energy delivery within the PSC by curving the ablation catheter to form a reversed U curve may be another potential factor. Accordingly, careful attention should be paid to power and impedance characteristics to avoid steam pop during RF delivery.
ECG FINDINGS. Several studies have attempted to describe ECG criteria to identify the successful ablation site in the PA. Sekiguchi et al. (9) reported that the R-wave amplitude in the inferior ECG leads, the aVL/aVR ratio of the Q-wave amplitude, and the R/S ratio in lead V 2 were statistically larger in PA-VAs than in RVOT-VAs. Other previous reports demonstrated no such specific ECG findings for Values are mean AE SD or n (%). *p < 0.05.
Abbreviations as in Table 1 .
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